Mortality rates also vary from center to center. During the past 17 years, reported mortality rates range from 15% to 80% (29, 72, 76, 80, 101) . With advances in physiologic support of critically ill neonates, survival rates have significantly improved. SchuUinger reviewed 25 years of experience and found a dramatic increase in survival, from 17% prior to 1972, to 68% in 1980 (80) .
SIGNS AND SYMPTOMS
The age of onset of NEC is extremely variable (49, 101) . Figure 2 shows the postnatal age of onset in 51 infants at Vanderbilt University Hospital. Note that 8 patients were diagnosed after 1 month of age and 1 infant was afflicted on the 63rd day. Two cases occurred within the first 24 hr of life. The mean age at diagnosis was 16 days, the median 11.5 (49) . In a review of 123 patients, Kliegman noted the mean age at diagnosis was 12 days and the median was 7 days. Little is known about the determinants of age at presentation. Yu found an inverse relationship between birth weight and age of onset (101) . deLemos found that the administration of parenteral antibiotics delayed the onset of the disease (21) . Infants who had received no antibiotics were diagnosed at 8.9 days, whereas those previously receiving antibiotics first manifested signs and symptoms at 19.9 days of age. The onset of disease as late as the second or third month suggests that perinatal problems and complications are not necessary precursors of NEC. Table 1 lists the usual signs and symptoms (7, 49, 85, 101) . None are considered absolute for diagnosis; many are quite nonspecific. According to Hodson (42) , the most common signs are temperature instability 57%, lethargy 33%, and apnea 29%, none of which are distinctive enough to establish the diagnosis. An abdominal "radiography may show considerable disease in the face of minimal or no clinical signs or symptoms (73) .
It is clear that NEC may assume a broad spectrum of clinical severity. Some infants have little in the way of signs and symptoms, isolated colonic pneumatosis, and a benign course (59) . Others have fulminant disease characterized by extensive gangrene, early perforation, cardiovascular collapse, and death within hours of onset of disease (55) . Determinants of the severity are as yet ill defined.
LABORATORY EVALUATION
Laboratory investigations are nondiagnostic. However, some data may be important prognostically and serial determinations of coagulation function, platelet counts, hematocrits, acid-base balance, and electrolytes are crucial to aggressive, conscientious medical support. Thrombocytopenia is a frequent 
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occurrence but was not first reported in association with NEC until 1969 (99) . Hutter reviewed 40 cases of NEC and found clinical bleeding and platelet counts < 50,000 in 12 infants (44) . Curiously, disseminated intravascular coagulation (DIC) was documented in only 6 infants. He hypothesized that platelet microthrombi or local intestinal consumption might account for thrombocytopenia in the absence of DIC. Nadir platelet counts did not differ in survivors and those who died. In survivors, the platelet count returned to normal in 1 to 31 days (median = 7 days).
Leukopenia is sometimes present. In Hutter's series, 14 of 38 had white counts less than 1,500 and this group had a significantly increased mortality (44) .
DIC occurs in 10% to 50% of patients and may be fulminant. Roback (76) found an 85% mortality rate in association with DIC. In Frantz's (29) series, 26 of 51 infants developed DIC and all required surgical intervention.
A metabolic acidosis, often refractory to alkali therapy, is not infrequent. Hyponatremia may be profound and is a manifestation of massive fluid shifts and "3rd spacing" of fluid into the edematous bowel wall and the peritoneal space.
RADIOGRAPHIC EVALUATION
In addition to careful serial physical examinations, radiographic assessment of the abdomen is critical to diagnosis and evaluation of progression of the disease. X-ray abnormalities may be subtle and nonspecific early in the course, but as disease progresses, they may be diagnostic. Early signs of gastrointestinal dysfunction include diffuse gaseous distention, often with air fluid levels and separation of adjacent bowel loops (8, 75) .
The hallmark of roentgenographic diagnosis is demonstration of pneumatosis intestinalis on the plain abdominal film. It is present in 90% to 100% of cases (8, 85) and typically is first seen in the ileocecal area. In widespread disease, though, intramural air may be demonstrated anywhere from the stomach to the rectum. Two patterns of pneumatosis are described (8) . Linear pneumatosis is appreciated as a curvilinear intramural radiolucency and probably represents subserosal gas. Cystic pneumatosis is less easily appreciated and assumes a foamy or bubbly pattern which can be confused with fecal material. The cystic pattern probably represents submucosal gas collection. Curiously, pneumatosis intestinalis may rapidly appear and disappear. The extent of pneumatosis is not usually considered a reflection of disease severity, though this point is subject to controversy (8, 29, 73, 74) . One must be mindful that pneumatosis may be present in other clinical situations such as intestinal gangrene secondary to vascular occlusion, Hirschsprung's disease with enterocolitis, obstruction at the site of bowel atresia, pyloric stenosis, and meconium ileus. In addition, it is possible that premature infants requiring mechanical ventilation with high airway pressure may have extension of mediastinal air direction into the abdomen resembling pneumatosis.
Any clinical circumstance resulting in pneumatosis intestinalis may cause hepatic portal venous or lymphatic gas. It appears as fine arborizing channels in the hepatic area and is best demonstrated on a lateral supine view of the abdomen. Formerly, this radiographic sign was considered particularly ominous prognostically (89, 99) ; it is demonstrable in 30% of cases and is no longer believed to be of grave consequence (49, 88) . Portal venous gas may also be seen for several hours after umbilical vein catheterization (8) .
Ascites is represented by bulging of the flanks, a diffuse, ground glass appearance, separation of adjacent bowel loops, and a central position of floating bowel. Leonidas noted that these signs often developed coincident with clinical deterioration and suggested that they were an indication of progressive peritonitis (60) . Ascites is present in 10% to 20% of cases (101) .
Free peritoneal air may be minuscule and escape radiographic detection, or may be massive as demonstrated by "the football sign" with stitching represented by the falcitorm ligament. A pneumoperitoneum in association with the proper clinical setting is a sign of perforation and indicates need for prompt surgical intervention. Curiously, 50% to 60% of patients with documented perforation at laparotomy have no detectable free peritoneal air (8, 73) .
While evaluating serial abdominal films during the course of disease, one should be particularly mindful of a persistently dilated bowel loop. Wayne noted this pattern in 10/30 neonates requiring surgery, and the anatomic location of necrotic bowel frequently corresponded to the position of dilation (9) .
Although abdominal roentgenograms are crucial adjuncts to the diagnosis and assessment of infants with NEC, dramatic interobserver variability in the radiographic diagnosis has been reported. Mata asked six pediatric radiologists and four neonatologists to review 17 unlabeled abdominal X-rays of neonates with clinical NEC. Full agreement was reached only on one film (62) .
PATHOLOGY
At laparotomy or autopsy, the areas most frequently involved are the distal ileum, cecum, and right colon. Occasionally, extensive disease is found with necrosis extending from the stomach to rectum. Grossly, the affected segments are dilated. Serosal surfaces are dull gray, hemorrhagic, or necrotic. Intramural gas collections and areas of perforation may be apparent. The diseased bowel is quite friable when manipulated. The intestinal wall and mesentery may be edematous and purulent peritonitis may be observed.
Microscopic sections initially show vascular congestion, hemorrhages into the lamina propria, and sloughing of the surface epithelium forming superficial ulcerations. A pseudomembrane consisting of inflammatory cells, fibrin, and cellular debris may be apparent. Mucosal or submucosal necrosis progresses to transmural involvement with an intact serosa acting as the only barrier to impending perforation. Gaseous collections are found in the submucosa and subserosa. Large vessel thrombosis is unusual although platelet-fibrin microthrombi are noted in intramural arterioles (9, 79, 89) .
MANAGEMENT
Professionals involved in the care of high-risk neonates must maintain a constant index of suspicion for signs and symptoms of NEC. If the diagnosis is made, prompt institution of medical measures is indicated and preparations for laparotomy should be made if the initial evaluation reveals a reason for surgical intervention. Surgical consultation should be obtained on any suspect case, with frequent clinical reassessment and review of laboratory and roentgenographic data conducted by both medical and surgical teams.
Cultures should be obtained from blood, stool, cerebrospinal fluid, urine, and peritoneal fluid. Parenteral ampicillin and an aminoglycoside, such as gentamicin, should be started; adaptations should be made as determined by routine surveillance cultures and sensitivities. The efficacy of enteral aminoglycosides is controversial. Bell (3) used traditional medical management techniques and, additionally, topical gavage antibiotics given at 4-hr intervals. With this regimen, none of 14 cases progressed to perforation. This same investigator later studied fecal microflora in 22 patients with NEC (4). Each infant received topical gentamicin in addition to intravenous antibiotic therapy. Cultures obtained during therapy showed significantly fewer gram-negative aerobes when compared with pretreatment cultures. This effect was attributed to topical gentamicin. In a recent randomized controlled study, Hansen found that enteral administration of gentamicin did not influence morbidity or mortality (36) . He did, however, demonstrate significantly increased peak serum gentamicin concentrations in study patients, some of which were greater than potentially ototoxic levels.
Initial management often must be directed toward restoring the intravascular volume and cardiac output. Patients with NEC may lose 30% to 50% or more of their circulating volume into the affected mesentery and bowel. In addition, clinical findings of endotoxic shock often occur, a feature which is not unexpected in view of the common involvement of gram-negative organisms. These conditions may demand massive volume replacement with colloids, including blood. When an increasing central venous pressure is observed without improvement in systemic perfusion, improvement in myocardial performance should be sought with an ionotropic agent such as dopamine or digoxin. The aggressive and rapid management of shock is of paramount importance in order to minimize the possibility of additional ischemic necrosis of the bowel.
Other important therapeutic maneuvers include gastric decompression by nasogastric suction, removal of umbilical vessel catheters, withholding oral feedings, and introducing central or peripheral hyperalimentation. Support of altered cardiodynamics and electrolyte balance is adjusted as dictated by frequent determinations of electrolyte and acid-base parameters and with attention to vital signs, systemic blood pressure, central venous pressure, and urine flow. Platelet and coagulation abnormalities should be followed closely and prompt intervention made when appropriate.
As medical management has become more refined and physiologic support of critically ill prematures more sophisticated, early surgical intervention is no longer indicated. Much debate has centered around establishing accurate criteria for operative therapy. Laparotomy in a fragile premature infant without surgically remedial disease, such as for gangrene or perforation, is laden with unacceptable hazard. Similarly, a delay in operative intervention can be fatal, as the mortality rate in infants with gangrene and perforation is double those with gangrene alone (54) . Kosloske has recently evaluated 10 criteria for operation based on previous recommendations by several authors (54) . Of these, gangrene was best predicted by the presence of a pneumoperitoneum, a persistently dilated intestinal loop on serial radiographs, erythema or cellulitis of the abdominal wall, and a "positive" paracentesis. Invalid indications included clinical deterioration, persistent tenderness of the abdominal wall, profuse lower gastrointestinal hemorrhage, a gasless abdomen with ascites, and severe thrombocytopenia. Though some investigators have strongly supported thrombocytopenia and clinical deterioration as a reliable indicator of gangrene (68), in our study, clinical deterioration and severe thrombocytopenia were relatively frequent in patients without gangrene.
A promising technique for diagnosis of early gangrene is paracentesis, with lavage if necessary (52) . A brown color of peritoneal fluid obtained by direct aspiration or lavage is highly suggestive of gangrene, whereas a yellow or pink color is found in cases without gangrene. The technique is successful even if abdominal roentgenograms fail to show ascites.
Utilizing correct medical therapy and prompt operative intervention when indicated, mortality rates for medically and surgically managed babies may be as low as 15% to 30% (7, 54) . The surgical procedure most commonly performed is segmental resection of the devitalized bowel with proximal diversion and a distal mucous fistula.
Independent of the well-described neurodevelopmental sequellae in lowbirth-weight infants, neonates surviving NEC may experience a multiplicity of complications. First, there is a 20% incidence of intestinal stricture 1 to 2 months after the acute illness (6, 56, 74, 80) . The majority are colonic and are characterized histologically by fibrous tissue, edema, and granulation tissue. It is recommended that all infants recovering from NEC undergo a contrast barium enema prior to reestablishing intestinal continuity or if symptoms of intestinal obstruction develop. ENTEROCOLITIS Second, resection of long lengths of small bowel may result in a severe malabsorption syndrome. Schullinger found postoperative malabsorption in 8% of patients (80) . Third, lymphoid polyposis, transient lactose malabsorption, and intraabdominal abcesses have been described (53, 74) . Finally, perhaps the most far-reaching morbidity of NEC is the occurrence of iatrogenic malnutrition in infants who are kept NPO (nothing per os) or who are inadequately fed for the first few days or weeks of life because of respect for this potentially devastating disease.
PATHOGENESIS OF NEC
Early reports of NEC were laden with speculation about pathogenesis and causal associations were frequently made from descriptive studies without controls. In an effort to more accurately delineate the neonate at risk, controlled studies have been conducted in order to identify perinatal complications and problems unique to the infant who will develop disease (17, 29, 50, 78, 87, 101) . Table 2 demonstrates the persistence of considerable confusion surrounding predisposing phenomena and factors of etiologic importance. No one perinatal complication or management technique is consistently implicated. In fact, Stoll determined that affected infants were quite similar to controls and identified no risk factors (87). Kliegman's study, the most recent and perhaps the most appropriately controlled, failed to delineate any important risk factor. He therefore concluded that perinatal problems which precede NEC are indeed equally common to all high-risk infants (50) . These findings are perhaps the most powerful testimony to the multifactorial etiology of NEC.
IMPORTANT FACTORS IN PATHOGENESIS Enteric Feedings
The observation that most neonates have been fed prior to the diagnosis has been an issue of intense interest and speculation. Controlled studies comparing feeding management techniques in infants with and without NEC fail to consistently support feeding as an important precursor, though controversy certainly persists. There are multiple ways by which feeding might contribute to the pathogenesis or progression of disease: (a) direct mucosal injury by hypertonic feedings, (b) the absence of an immunologically protective effect in formula-fed infants, (c) the alteration of intestinal microflora, (d) structural immaturity of the premature intestine, and (e) the effect of early or largevolume feedings on an alimentary tract compromised by adverse perinatal events. Immunologic and infectious considerations are discussed later.
Both animal studies and clinical data have implicated hypertonic feedings in production of mucosal injury. Hypertonic solutions applied to the intestine produce functional and microscopic damage to the epithelial surface (45). deLemos produced an enterocolitis closely resembling NEC when he fed goats a dialyzed, hypertonic goat's milk formula (22) . In a very small prospective study, Book noted an 87% incidence of NEC in infants < 1,200 g who were fed an elemental formula containing 650 mosm/liter (10) . In contrast, only 25% of neonates fed standard cow's milk formula (359 mosm/liter) developed the disease. Willis described a group of premature infants with an increased incidence of disease presumably because a high-osmolality calcium lactate solution (> 1,700 mosm/liter) was added to the standard formula (98 Debate surrounds the importance of early institution and rapid volume advancement of feedings in a premature neonate with a structurally and functionally immature alimentary system (66). An increased incidence of NEC has been temporally associated with a change to more aggressive feeding policies, and clusters of cases have "disappeared" with the institution of a more conservative feeding schedule (12, 26, 31) . Eyal et al. performed a 2-year study of the influence of feeding practices on the incidence of the disease (26) . During the first year, neonates were fed expressed breast milk on days 2 to 5 of life and were advanced at increments of 10 to 20 ml/kg/day. In the second year, infants were first fed at 2 to 3 weeks of age. The incidence of NEC was 18% and 3% in the first and second study years, respectively. Brown felt that NEC was virtually eliminated in his nursery coincident with the institution of an extremely cautious feeding protocol which fostered late initiation of enteral feedings, slow advancement of feedings, and prompt discontinuance of feedings when untoward signs suggesting hypoxia, hypoperfusion, or gastrointestinal dysfunction developed (16). Book, however, has published a small prospective study comparing fast and slow feeding rates designed to attain complete enteral alimentation at 7 and 14 days, respectively. No difference in the incidence of NEC was found (12) . The controversy involving early feedings and optimal feeding rates remains quite unsettled.
Infection
By virtue of its clinical presentation, occasional epidemic nature, and association with laboratory evidence of systemic infection, NEC is considered a primary infectious disease by some authors. Since a wide variety of organisms have been isolated from stool, peritoneal, and blood cultures, a single etiologic agent seems unlikely. Table 3 lists the bacteria most commonly isolated from blood and stool specimens. Blood cultures are positive in 18% to 60% of cases and usually correlate well with the isolates from stool and peritoneal fluid (7, 4, 46, 49, 76, 85, 100) ; these bacteria are common enteric organisms, even in healthy subjects. Therefore, the existence of a superimposed predisposition, such as hypoxic injury, immunologic immaturity, or the administration of hypertonic feedings must be important in the pathogenesis. Additionally, altered virulence of the organisms, the size of bacterial inoculum, or the multiple complex interactions between the "normal flora" and potential pathogens may contribute to NEC (61). Bell and co-workers showed that Enterobacteriaceae such as Escherichia coli and Klebsiella were recovered with greater frequency from stools of infants with NEC when compared with controls without the disease (2) . In a later study, Bell demonstrated a changing incidence of NEC in his nursery and noted an association with the changing prevalence of E. coli and Klebsiella (5). Frantz, too, found that stool cultures obtained at the time of diagnosis were statistically more likely to grow Klebsiella than similarly timed cultures from controls (29) . Stanley reported a striking decrease in the incidence of NEC concurrent with the emergence of Serratia as the predominant nursery stool flora. These observations (83) suggest that as yet ill-defined microbial characteristics and interrelationships are important pathogenetic factors.
NEC can be an epidemic disease with clustering as shown in Fig. 3 . Efforts aimed at identification of epidemic pathogens are variably successful. Virnig performed careful bacteriologic and viral studies during an outbreak (92) . Blood, cerebrospinal fluid, and urine samples were incubated for bacterial and fungal growth. Blood and stool specimens were submitted for viral isolation. No transmissible agent was found consistently, even from 5 cases clustered in a 3-week period. Incubator position within the nursery and nursing assignments were not suggestive. All individuals having contact with the infants were screened for infectious disease and none was found. The author concluded # '. that organisms associated with NEC were normal enteric microflora which were invasive because of altered host defense. Book reported a temporal cluster during which the incidence increased from 0.3% to 3.6% of all admissions (13) . Ten cases occurred during a 2'/2-week period and in only two of four nursery rooms. Interestingly, several cases of gastrointestinal illness occurred in nursing personnel during this interval. Despite a diligent search for bacterial or viral causation, none was identified. Aggressive infectious disease control measures were implemented, including case isolation, strict handwashing, gowns and gloves, and a cohort nursing system. The incidence of disease promptly decreased to 0.7%. Because of the suggestion of a transmissible agent in this epidemic, the author called for more sophisticated methods of search for an infectious etiology. Instances of epidemic NEC associated with specific pathogens have been well documented. Outbreaks caused by Clostridium butyricum (43) , Salmonella (84), E. coli (27, 100) , and Klebsiella type 26 (40) have recently been described.
Clostridial organisms are gas-forming anaerobes with a propensity to infect ischemic, devitalized tissue. The isolation of several clostridial species and toxins from infants with NEC, as well as identification of clostridial-mediated NEC-like illnesses in other mammals, has stimulated a recent interest in this organism and its role in neonatal NEC. Conflicting data have emerged. Fulminant and rapidly fatal NEC has been associated with blood and peritoneal fluid culture positivity for clostridia (55) . An unusual outbreak in term infants has been described in England (43) , where 9 of 12 infants were blood-culture positive for C. butyricum. Kliegman reviewed 12 cases presumably secondary to C. perfringens (47) and Cashore cultured clostridia from confirmed and suspect cases more frequently than in infants without disease (18) . Pedersen likened NEC to gas gangrene of the bowel (70) . On the other hand, clostridia are ubiquitous organisms and enteric colonization with these bacteria is usual in the first week of life (57, 63) . Shurentz cultured C. difficile from a nurse's hand, the nursery floor, and in respiratory therapy equipment. Both C. difficile and its toxin were found with regularity in infants with and without NEC (82). Donta detected C. difficile toxin in 55% of all infants in the intensive care nursery (24), while Chang found no toxin in 18 infants with NEC (19) . These observations suggest that the exact relationship between clostridial organisms and their toxins and the pathophysiology of NEC remains quite obscure.
Immunologic Considerations
A normal child has a multiplicity of host defense mechanisms, both immunologic and nonimmunologic, which assist to protect against gastrointestinal mucosal invasion and also to moderate microbial colonization of intraluminal surfaces. The subject has recently been reviewed and is vastly complex (61, 93) . Presently, only a superficial understanding of the premature mucosal immune system exists. We are even more ignorant about the functional and structural integrity of the system in the face of profound prematurity, severe cardiopulmonary distress, and malnutrition. The role of altered host defense in the pathogenesis of NEC is similarly obscure. After local gastrointestinal defense mechanisms have been violated, undoubtedly an immature systemic immune system can contribute to the progression of fulminant disease. The development and relative immaturity of the premature's systemic immune system is the subject of several recent reviews and will not be further considered here (34, 86) . Since the majority of premature mucosal immunity is acquired from breast milk, this discussion centers on breast milk and some of the theoretical, experimental, and clinical considerations in the pathogenesis of NEC.
Human breast milk offers a number of immunologic advantages over cow's milk formula. Of these, the most widely investigated is secretory immunoglobulin A. In term infants SIgA is not demonstrable in intestinal fluids until 1 week of age and reaches "adult" values at 1 month postnatal age (81) . It functions in several ways, the most significant of which appears to be inhibition of bacterial adherence to epithelial surfaces, which influences invasion and governs luminal colonization (97) . Additionally, other antigenic materials such as toxins may be prevented from binding to the intestinal surface (94) . Thus, during the first days of life, a time when microbial colonization occurs, the non-breast-fed premature is deficient in what may well be the "backbone" of mucosal immunity. An interesting "homing" mechanism has been described in humans and experimental animals whereby SIgA-producing plasma cells in the maternal gut are antigenically stimulated and migrate to the breast where specific antibodies are secreted into colostrum (94) . In this way a breast-feeding infant may receive some passive protection against bacteria he is most likely to harbor, that is, his mother's. In summary, then, a distressed premature, who receives either no enteral feedings or cow's milk feeding, is without the potential protection of SIgA. Also, with the advent of regionalization of neonatal intensive care, infants fed pooled breast milk may not have specific and optimal SIgA function protective against maternally acquired flora.
Another component of breast milk which may have particular relevance to NEC is the Lactobacillus bifidus "growth factor". Breast-fed infants harbor a predominance of enteric lactobacilli and fewer gram-negative organisms such as E. coli (63, 96) . This effect is present as early as 48 hr postnatally and potentiates growth of nonpathogenic organisms which have not been regarded as important agents in NEC.
The presence of other factors in breast milk, such as cell-mediated mucosal immune responses, intraluminal immunoglobulins (IgG), and viable breast milk cells, such as neutrophils, lymphocytes, and macrophages, is of interest but, as yet, is not well studied in the premature infant.
There are a limited number of experimental observations on the importance of breast milk in NEC. Most popular is Barlow's work with newborn rats with experimental enterocolitis (1) . Using an hypoxic insult, she consistently pro-duced a disease similar to NEC in rats fed an artificially prepared formula. All breast-fed, asphyxiated rats were protected from disease, even if orally contaminated with a Klebsiella inoculum. Additionally, asphyxiated animals fed dam's breast milk for the first 24 hr and then switched to artificial formula were protected. Barlow concluded that breast milk induced a protective passive enteric immunity in the rat newborn and that it may similarly protect the premature infant. In a related study, the same investigators demonstrated that frozen milk was not protective until viable cells were added (71) .
NEC has repeatedly been documented in neonates fed exclusively human milk. Moriarty described 15 cases (65). Kliegman reviewed !09 cases of NEC and showed that the incidence in infants fed only refrigerated human milk was comparable to that in infants fed with commercial formula (51) . Possible explanations for development of the disease in the face of significant theoretical advantages offered by breast milk included the absence of an intact "homing" mechanism, the use of pooled, banked milk, contamination of milk and, perhaps most importantly, the adverse effects of storage on the viability and functional integrity of the cellular components.
Hypoxic/Ischemic Considerations
Since the earliest reports of NEC, investigators have noted that the disease frequently is associated with perinatal asphyxia, umbilical vessel manipulation, cold stress, and hypoxia. Interest in gastrointestinal ischemia as a contributor to NEC was further stimulated by documentation of the arterial constrictor response in diving animals (15) . This "survival reflex" involves arterial constriction in vascular beds of muscle, skin, kidney, liver, and gastrointestinal tract in an attempt to preserve cardiac and cerebral blood flow during prolonged diving. Premature neonates may respond to repeated stresses in a similar fashion resulting in intermittent ischemia to the gastrointestinal tract.
Several animal studies have demonstrated structural violation of mucosal surfaces following severe hypoxia. Under experimental hypoxic conditions, a clinical syndrome resembling NEC can be produced in laboratory animals. Harrison studied histologic and ultrastructural changes in the gastrointestinal tract of puppies exposed to hypoxia and hypovolemia for 1-to 2-hr periods (38) . Alterations were most common in the ileum and proximal colon and consisted of vascular microthrombosis, swollen or "blistered" endothelial cells, disruption of tight junctions, swelling and rupture of mitochondria, and perivascular edema. All these observations were made with electron microscopy. With the exception of vascular congestion, light microscopy was normal. Touloukian designed an experimental model whereby mucosal perfusion and histology were evaluated in asphyxiated and resuscitated neonatal piglets (91) . Perfusion of all portions of the gut, with the exception of the esophagus, was dramatically decreased. The most impressive reduction occurred in the stomach, distal ileum, and colon-common sites of necrosis and perforation in NEC. Histologic evidence of vascular congestion and hemorrhage was most common in the ileum and colon. Barlow induced gastrointestinal catastrophies in newborn rats by exposing them to a 3-to 5-min hypoxic insult and then formula feedings (1). The fatal illness closely resembled fulminant NEC.
Speculation about the role of umbilical vessel manipulation in the production of mucosal ischemia has been widespread. Distinct arterial thrombi have been found in 95% of infants with umbilical artery catheters (67). Lehmiller implicated umbilical artery catheters in the formation of mesenteric thromboemboli found in postmortem NEC specimens (58). Hillman quantified plasticizer levels in tissues of neonates with indwelling umbilical catheters (41) . The mean levels in gastrointestinal tissues from three infants with NEC were significantly higher than those in infants without disease. Each of these studies identified a potential hazard of umbilical vessel catheterization. With particular reference to the alimentary tract, there are numerous reports of ischemic gastrointestinal lesions after umbilical venous exchange transfusion (37) . Touloukian measured portal venous pressure in newborn piglets during exchange transfusion through the portal venous system (90) . A significant increase in portal pressure was recorded during the injection phase of the exchange, and the author hypothesized that dramatic alterations in mucosal vascular pressures produced ischemia secondary to vascular congestion and hemorrhage. As noted in the above section on controlled studies of NEC, no clinical data consistently implicate utilization of umbilical vessel catheters in the pathogenesis.
Low-flow states such as exist with left-to-right shunting through a patent ductus arteriosus (39) or polycythemic hyperviscosity syndrome (35, 39) are potential contributors to mucosal ischemia. Hakanson (35) found a significantly increased incidence of NEC in small-for-gestational-age infants with hyperviscosity. A propensity for NEC has been reported following cardiac catheterization for evaluation of congenital heart disease, implying that hemodynamic disturbances, severe cyanosis, or angiographic contrast hypertonicity can contribute to alimentary mucosal ischemia and possibly NEC (20, 23) .
PREVENTION
Definitive recommendations on prevention of NEC await further elucidation of etiologic mechanisms. Several studies have addressed prevention by prophylactic administration of an enteral aminoglycoside antibiotic. Two of four similarly designed trials have supported gentamicin or kanamycin enteral prophylaxis in low-birth-weight infants (25, 32) . The remaining two studies concluded that no protection was afforded, as controls and study infants both developed NEC at similar rates (14, 77) . It is agreed that enteric bacterial colonization rate is reduced, but antibiotic-resistent gram-negative organisms have emerged during such therapy. Currently, it would seem that this type of prophylaxis is not helpful and may, indeed, be deleterious.
In an attempt to identify early mucosal damage and secondary decreased capacity for carbohydrate absorption, Book et al. screened for reducing substances in stool specimens from formula-fed infants at risk of NEC. Seventyone percent of infants who developed NEC had 3 to 4 + reducing substances from 1 to 4 days prior to clinical manifestations of disease. The presence of stool-reducing substances may signal the need for altered management and close scrutiny for signs and symptoms of NEC. A more sensitive and specific indicator for early disease or a predisposition to disease is lacking.
Some investigators have suggested that delay of enteral feedings and institution of slowly progressive feeding regimens help prevent NEC (16) . Welldesigned prospective controlled studies are presently not available.
DISCUSSION
Dr. Raiha: I don't agree with you entirely about necrotizing enterocolitis as being very common. I say this because between 1970 and 1980, when I worked in a large neonatal unit in Helsinki, I saw very few cases. There were about 20,000 deliveries per year in this unit and about 1,000 infants were hospitalized each year. We went through the records of 7 years looking for the incidence of necrotizing enterocolitis. Every infant that died was autopsied and every small premature infant had an X-ray of the abdomen; we looked very carefully for necrotizing enterocolitis. In all this material concerning about 7,000 infants we found five cases of necrotizing enterocolitis, and three of these five were full-term infants that contracted this condition after exchange transfusions. If we take the lowest percentage you gave, which is 1%, we should have seen 70 cases.
Dr. Zetterstrom: My experience is much the same as that of Dr. Raiha. In the Stockholm area, the incidence of necrotizing enterocolitis is much lower than 1% of all babies born. Do you have any figures about the incidence in the United States and Canada, for instance, that can demonstrate that there are any differences in different centers? That is my first question. My second question refers to the fluid given to the babies. On the basis of studies made by Bill Owen and co-workers, it is thought that one of the reasons for the development of necrotizing enterocolitis may be a high fluid intake.
Dr. Greene: I don't know why our incidence of necrotizing enterocolitis is 1% to 2%, but those are the statistics and I cannot argue with them. I don't believe that we are doing anything different from any other center in the United States. Of those patients that developed necrotizing enterocolitis, 30% were fed nothing but their own mother's milk during the time that they developed necrotizing enterocolitis. Regarding fluid intake, our babies are kept relatively dry during the first week of life.
Dr. Guesry: When you were listing the possible etiologies of necrotizing enterocolitis, you didn't mention the possibility of viral infection.
Dr. Greene: That was clearly an oversight on my part. I think that it is equally a possibility.
Dr. Sunshine: I think there is some confusion about the basic etiological premises that Dr. Greene pointed out. Although viruses have been suggested, it is difficult to imagine that a viral organism could lead to gas production, and that is the hallmark of the disease. Therefore, it has to be bacterial overgrowth. I am convinced that the reason why people see more or less of this disease depends upon what type of organism is colonizing their particular nursery, and those institutions that have a high incidence often have an increased colonization of invasive bacteria which tend to be resistant to the usual antibiotics. Perhaps the low incidence that you are seeing, Dr. Raiha, may be due to the fact that you are not using many antibiotics and that you do not have the development of resistant organisms.
Dr. Raihd: This is probably a very important issue and I would like to ask Dr. Greene whether another reason for the difference of frequencies in different areas could have something to do with bacterial colonization, for instance, maternal and vaginal colonization, in different parts of the world? And secondly, since it may also have something to do with the frequency of intrauterine hypoxia, could the obstetricians do something about decreasing the frequency?
Dr. Greene: My guess is that it is not only the type of organism, be it invasive or not, but also the quantity of the organism that is important.
Dr. Metcoff: There are clearly striking differences between centers; we have heard of two important centers where the difference of incidence is remarkable. I would imagine that an epidemiological assessment of what is done differently in each of these nurseries might prove to be quite useful. A plan could be developed both prospectively and retrospectively to attempt to define the differences.
Dr. Ransome-Kuti: Up until about 2 years ago in Lagos, this condition was very common in our newborn unit and the children were being fed with formula milk. Then it was decided to change to pooled expressed breast milk which was collected every morning from the mothers and fed to the babies fresh; since then the condition has become very rare in our newborn nursery.
Dr. Samarra: In Paris, as in Nashville, there is necrotizing enterocolitis among highrisk newborns. The rate in the intensive care unit of Port Royal is 1.2%, but 2 years ago there was an outbreak of 28 cases among low-risk newborns over an 18-month period. No cases had been reported from other maternity hospitals and no case has been reported after December 1979. No single bacteria, no toxin, no drug could be incriminated. A virus was found in half the cases where electron microscopy of the stool had been carried out, but the prevalence of positive results was the same among nonaffected newborns. Do you have any data about viral infections responsible for necrotizing enterocolitis?
Dr. Greene: We have been looking for rotavirus and we have not found it in our nursery in association with necrotizing enterocolitis. As far as any other viral infection is concerned, we have not been able to detect any either, but I think that our ability to look for them is something that could be improved.
Dr. Zetterstrom: In your group of patients, how many had been fed fresh mother's milk before they got enterocolitis?
Dr. Greene: Thirty percent of the infants who had developed necrotizing enterocolitis were consuming their own mother's milk at the time of development.
Dr. Zetterstrdm: Was this milk treated and pasteurized or completely fresh? Dr. Greene: The mothers brought the milk in after it had been refrigerated for 24 hr. It was not pasteurized.
Dr. Raiha: As far as we are concerned, we only have one diet for the infants and this is untreated breast milk. A premature infant, especially one weighing less than 1,500 g, will get the mother's own milk supplemented with nonpasteurized, fresh-pooled breast milk, or if this is not available, pasteurized, frozen, pooled milk. One difference between our routine and the routine that I have seen in the United States is that we increase the volume intakes very slowly.
I would like to ask Dr. Sunshine and Dr. Rigo whether they are really giving complete total parenteral nutrition, because in our experience, and from what I have seen in the Swedish units over the past 2 years, we never use total parenteral nutrition unless it is a case of surgical complication of the gut, like atresia. We always use parenteral nutrition in combination with enteral nutrition. I have not seen a case in which we have used total parenteral nutrition in many years. This may also have some bearing on the incidence of necrotizing enterocolitis.
Dr. Salle: We use a combination of supplemental parenteral nutrition and oral nutrition and we increase the amount of milk very slowly. We use human milk only in premature infants; we use the mother's own milk if she agrees to give her milk to feed the baby, otherwise we use bank milk, but this milk is pasteurized and frozen. The rate of necrotizing enterocolitis in my department is less than 1%-0.3% over the last 5 years.
Dr. Perman: I think we should be careful in ascribing any difference in the incidence of necrotizing enterocolitis in infants on breast milk solely to the protective effects of breast milk. It is very clear that there are major differences in the establishment of enteric microflora, at least significant qualitative differences between infants that are breast fed and infants who are formula fed, and although this has not been investigated in the neonate, there are probably significant differences in the infant that is fed total parenteral nutrition versus the infant that is fed parenterally and enterally with regard to the flora as well.
Dr. Sunshine: A study was carried out in the United States involving 13 institutions looking at whether or not there was any protective effect if human milk was used in the nursery, which compared fresh human milk, processed human milk that had been pasteurized, pooled human milk, formulae, etc. Dr. Ryder published the results in the American Journal of Epidemiology. This study showed that there was no difference in the incidence of necrotizing enterocolitis among the 13 institutions. The only thing that was evident was that the severity of the disease was much less and the babies did not require surgery as frequently if they were fed whole fresh human milk that had not been processed.
